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ABSTRACT 
This paper describes several simulating tests of explosive charges 

subjected to some environmental stimulations, The simulating tests are 

designed according to environmental conditions in the battlefield, I t  

is *.ell known that oil-wood fire cook-off, bullet and fragment impact, 

shock wave sympathetic detonation and shaped charge jet penetration i s  

the moet dangerous stimuli to munitions. Therefore, the informations 

obtained by means of simulating tests may be ueed to as8ess and compa- 

re the vulnerability of various candidate explosives for munitions. In 

.this paper we reported the experimental picturee sad results of t h r e e  

erplosirea: TNT, C0mp.B and TATB. 

I 

1. INTRADUCT I ON 
A s  we knew, the Desert Storm (Gulf War) wag a modern war. The fire 

was very violent, the environmental conditions were very harsh. Under 

the harsh terms of modern war the main charge explosives in the bomb 

and warhead could undergo eome dangerous stimuli, such as oil-wood fire 

cook-off, bullet and hot f.ragment impact, shock wave Sympathetic deton- 

ation and shaped charge jet penetration.The6e environmental stimnli are 
B e r i O U t !  threat to survivability of munitions i n  the battlefield. If the 
main explosive charges were p o o r  vulnerability they would produce viol- 
ent reactiona: daflagration or detonation, a n d  would make an accidental 

explosion. In order to prevent f r o m  the accidental explosion it i s  
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n e c e s s a r y  that the v u l n e r a b i l i t y (  1-11 of c a n d i d a t e m a i n  e x p l o s i v e  i s  

t e s t e d  u n d e r  s i m u l a t i n g  p r a c t i c e  c o n d i t i o n s .  T h u s  w e  d e s i g n e d  f o u r  L i n d a  

of s i m u l a t i n g  test a c c o r d i n g  to the h a r s h  t e r m s  in the b a t t l e f i e l d , T h a t  

i a  o i l - w o o d  f i r e  f a e t  c o o k - o f f  t e e t ,  7 . 6 2 m m  c a l i b e r  b u l l e t  impact test, 

s h o c k  w a v e  s y m p a t h e t i c  d e t o n a t i o n  test a n d  s h a p e d  c h a r g e  j e t  p e n e t r a t i o n  

teat. T h e  t e s t i n g  r e s u l t s  m a y  b e  u s e d  t o  a e i e s s  a n d  c o m p a r e  t h e  r u l n e r a -  

b i l i t y  of v a r i o u s  c a n d i d a t e  e x p l o s i v e s ,  a n d  to s e l e c t  t h e  low v u l n e r a b i -  

lity e x p l o s i v e s  a s  t h e  m u n i t i o n s  of m o d e r n  ordances. 

2.  SIMULATING TESTS 
( 1 )  F i r e  F a s t  C o o k - o f f  T e s t  

T h i s  t e s t  is d e s i g n e d  t o  s i m u l a t e  t h e  s t i m u l u s  of t h e  o i l - w o o d ' f i r e  

t o  m u n i t i o n s  in t h e  b a t t l e f i e l d .  T h e  test s e t - u p  (6 -7 )  is s h o w n  in 

F i g u r e  i(a). I t s  f i r e  f l a m e  s o u r c e  c o n s i s t e d  of a c e r t a i n  s i z e  a n d  

q u a n t i t y  of l u m b e r s  w h i c h  d r e n c h e d  with k e r o s e n e .  I t s  f l a m e  t e m p e r a t u r e -  

t i m e  h i s t o r y  was m e a s u r e d  b y  m e a n s  of t h e r m o c o u p l e  ( F i g u r e  l ( b ) ) ,  D u r a -  

t i o n  of f l a m e  w a d  a b o u t  8 min. T h e  c a n d i d a t e  e x p l o s i v e  c h a r g e 8  u e r e  

l o a d e d  in a m e t a l  c a s e  ( F i g u r e  2 )  w h i c h  wtta m a d e  o f  4 6 X  s t e e l  t u b l e  a n d  

s e a l e d  at b o t h  e n d s  b y  t h r e a d e d  caps. D u r i n g  t e s t i n g  t h e  interval (i. e, 

c o o k - o f f  time) f r o m  i g n i t i o n  of f i r e  f l a m e  s o u r c e  t o  e x p l o s i o n  f o r  

d e t o n a t i o n )  of  c a n d i d a t e  e x p l o s i v e  was m e a s u r e d  b y  timer.After t e a t  t h e  

m e t a l  c a s e  or i t s  f r a g m e n t s  w e r e  recovered.:ts f r a c t u r e  s c e n a r i o  was a n  

e v i d e n c e  to a s 6 e 9 8  c o o k - o f f  r e a c t i o n  a n d  v u l n e r a b i l i t y  of t h e  c a n d i d a t e  

e x p  10s  ive. 

(2)Bullet I m p a c t  T e s t  

T h i s  test  is d e s i g n e d  to s i m u l a t e  t h e  s t i m u l u s  of b u l l e t s  or hot 

f r a g m e n t s  t o  m u n i t i o n  in t h e  b a t t l e f i e l d .  T h e  t e s t  set-up(2,4,6) is 

shown in F i g u r e  3. T h e  c a n d i d a t e  e x p l o s i v e  c h a r g e e  w e r e  l o a d e d  in t h e  



metal  case ( Figure 2 ) .  Bullet caliber was 7. 62mm, I t  wag fired b y  an 
automatic rifle at distance 30m, Bullet velocity wag 74Lmls. During 
testing the candidate explosive charges may produce the phenomena:smoke, 

ignition, combuation, deflagration or detonation. After t e a t  the m e t a l  

case or its fragments were recovered. I t s  fracture scenerio w a s  a n  evi- 

dence to aieeiu reaction and vulnerability of the candidate exploaive. 

(3)Shock W a v e  Sympathetic Detonation Teat 

T h e  Large Scale a a p  Test ( 7 , 8 )  l a  used to simulate the shock w a r e  

stimulus to munition in the battlefield. T h e  test set-up i s  shown in 

Figure 4. T h e  donor w88 RDX/W (S6 /6 )  explosire, pressed in a cylinder 

cP40X 30mm, deneity 1. 676rt 0. 006 g/cma. Attenuator (or barrier) material 

vas Ly-12 model of aluminium alloy, its diameter 4Omm, several thick 

nesses, The candidate explosive (i.e. receptor) w a s  pressed or cast in 

cylinder @ . ( O X  9Omm,Witneas plate (80mm d i a m e t e r x  30mm thick) waB steel 

A a ,  T h e  criterion for receptor to produce detonation (GO) is punching 

a clear dent .in the steel witnesa plate, T h e  c r i t i c a l  thickneaa of 

barrier (the 60 percent point for sample detonation) was determined b y  

meana of Optimum seeking M e t h o d  ( 0.618) to  change the thichness of 

barrier, This critical thicknefis is a standard for assessing the rela- 

tive ahock w a ve sensitivity of candidate explosive. 

(4 )  S h a p e d  C h a rge Jet Penetration Test 

T h i s  test is designed to simulate the metal jet stimulus to munit- 

ion in the battlefield. T h e  test assembly i s  shown in F i g u r e  6. T h e  

shaped charge wtts RDX/W ( 9 6 / 6 )  explosive. pressed in a cylinder 0 4 0 X  

661mm, density 1. 680f 0. 006g/cma, c o p p e r  l i n e r  with a p e x  angle 6 0 "  and 

wall thickneaa 0.76mm. I t a  m e t a l  jet c ould penetrate 160+6mm of steel 

46# at the stand-off ?2mm,The candidate erplesive (receptor) was pressed 
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o r  cast in a cylinder 4Omm d i a m e t e r x 9 O m m  1ong.The criterion for sample 

detonation is punching a clear dent in the s.tee1 witness plate. T h e  

critical thickness of steel barrier (the 60 percent point for sample 

detonation) w a s  determined b y  O p t i m u m  Seeking Method ( 0 . 6 1 8 )  to change 

the thickness of steel barrier. T h i s  critical thickness is a standard 

f o r  assessing the relative metal jet sensitivity of candidate explosive. 

Otherwise, the jet sensitivity of candidate explosive may be a l s o  

expressed b y  quantity V i d ,  Where, V 1  the jet velocity penetrated xmm 

steel plate after, d the jet diameter corresponded to Vj, After penetr- 

ating  various thicknesses of s t e e l  plate the velocity V j  and its diame- 
ter d of the metal jet were m e a s u r e d  b y  n 2MV f l a s h  X-ray system. T h e  

resulis are listed in T a b l e 6, A c c o r d i n g  to these data w e  obtained the 

following f i t  formulas: 

v, = 33. e x - O -  (11 

d = 2 .  36-1). O 1 X  (2)  

l h e r e  X E  130, IlOlmm 

Therefore, if X i a  given V1 and d m a y  be calculated with above fit 

formulrts (1) and (21 ,  reepectively, 

3, RESULTS AND DISCUSSION 
W e  have a l r e a d y  done a b o v e  four simulating testa to three erplosi- 

~ $ 8 :  TNT, C o m p , B  and TATB. T h e i r  r e s u l t s  i r e  listed in T n b l e a  I ,  0, 3 

and 4, respectively. 

The results listed i n  T n b l e  1 and Figure 6 indicated that TATB ia 

very insensitive to fire fast cook-off stimulus, only combuation and no 
deflagratfon and detonation, its metal c a s e  was only ruptured i n  the 

lids. C 0 m p . B  is very sensitire to thie etimnlae, produced the violent 

reaction (detonation), its metal c n a e  W ~ B  fractured at rll. Although TNT 
could resist the long  c o o k - o f f  time (360s) a n d  the high t emperr tures  

.~ 
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(620%) i t  produced deflagration and its metal case was ruptured wholly, 

Therefore, their insensitivity to cook- off stimulus is ranked .as 

fOl lows: 

TATB > TNT > C0rnp.B 

T h e  reaulta listed in T a b l e  2 and Figure 7 indicated that, underg- 

one the bullet impact stimulus, TATB was no reaction, its metal case 

wae not ruptured, C0mp.B burned partly and a lid of ite metal case was 

.ruptured, TNT burned out and the lids of its metal case were ruptured 

at till, Therefore, their ineensitivity to bullet impact stimulus i s  

ranked as followe: 

TATB> C0mp.B TNT 

The data  of shock wave and jet sensitivities f o r  three explosives 

tested &re listed in T a b l e s  3 and 4 ,  respective1y.It is well known that 

increasing the thickness of barrier decreases the intensity of shock 

m v e  and metal jet to enter the receptor explosive. Thua the m o r e  the 

thickniss, the m o r e  the sensitivity. Analysed the critical thickness 

dlrta(i,e. the 60% probability point f o r  receptor detonation1,their both 

insensitivities to stimuli of shock wave and metal jet for three explo- 

, s i r e s  teated are ranked as follows: 

Insensitivity to shock wave stimulus 

TATB ; Co,mp,B > TNT 
660, 2a.omm 41. Omm 4 2 ,  6 m m  

Inaeneitivity to metal jet stimulus 
L 

TATB C0mp.B TNT 
X60. 47. 6 m m  88. 3mm 97. 2mm 

T h e  jet sensitivity of explaeives is also expressed by quantity V';d. 
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B e c a u s e  Y T d  is o f  t h e  n a t u r e  of f o r c e - p o w e r ,  t h e  m o r e  the quantity, the 

m o r e  t h e  i n s e n s i t i v i t y ,  S o  the r a n k  for t h r e e  e x p l o s i v e s  t e s t e d  is the 

s a m e  a s  a b o v e  one: 

TATB > C o m p . B > TNT 
V q d  47.6 20. 6 18.  1 

All in all, a b o v e  r a n k s  i n d i c f t e d  thst t h e  j e t  s e n s i t i v i t y  for erp- 

l o s i v e  c o v e r e d  b y  s t e e l  p l a t e  c o r r e s p o n d 8  t o  its s h o c k  w a v e  e e n e i t -  

ivity. T h i s  r e s u l t  s u p p o r t s  t h e  j e t  p e n e t r a t i o n  b o w  w a v e  s h o c k  initiat- 

ion m e c h a n i s m  f.or c o v e r e d  e x p l o s i v e s  (9, 1 0 ) .  

4, CONC LUS I ONS 

( 1 )  T h e  t e s t i n g  r e s u l t s  s h o w e d  t h a t  t h e  four s i m u l a t i n g  tests, i.e. 

o i l - w o o d  f i r e  f a s t  c o o k - o f f  test, 7.62mm c a l i b e r  b u l l e t  impact test, 

s h o c k  w a v e  s y m p a t h e t i c  d e t o n a t i o n  t e s t  (Large S c a l e  G a p  T e s t )  and shap- 

e d  c h a r g e  j e t  p e n e t r a t i o n  test, a r e  v i r t u a l  for c o m p a r i n g  a n d  I s s e s s i -  

ng t h e  l o w  v u l n e r a b i l i t y  of c a n d i d a t e  e x p l o a i v e a .  T h e  r e a u l t a  a r e  a p p l -  

i c a b l e  t o  e x p l o s i v e  h a z a r d  a n d  v u l n e r a b i l i t y  a n a l y s i s  a n d  m o d e r n  w e a p o n  

m u n i t i o n  design ,  

(2 )  T h e  r e s u l t s  of t h i s  p a p e r  d e m o n s t r a t e d  t h a t  TATB is v e r y  i n s e n -  

s i t i v e  t o  f i r e  f a s t  c o o k - o f f ,  b u l l e t  impatt, s h o c k  w a v e  s y m p a t h e t i c  

d e t o n a t i o n  a n d  m e t a l  j e t  p e n e t r a t i o n  stimuli. T h u s  i t  is a t y p e  l o w  

r u l n e r a b i l i t y  e x p l o s i v e  a n d  m a y  b e  ueed a s  a s t a n d a r d  of comparison. 

To f a s t  c o o k - o f f  s t i m l u s  TNT de f l a g t a t e d ,  C 0 m p . B  detonated. T o  bullet, 

s h o c k  w a v e  a n d  m e t a l  j e t  s t i m u l i ,  TNT is a l l  m o r e  s e n s i t i v e  t h a n  comp,B, 
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helpful assisstance in the experiments to measure the jet velocity and 
its diamet,er by f l a s k  x-ray 6g6tem4 
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Explosive Density THD* Cook-off Cook-off 

g / c d  z Time temperature 

S *C 

TNT(pressed) 1.58 66 3 6 0  620 

Comp. B(oas t ) I. 69 67 2 40 470 
~~ ~ 

90 3 00 590 
I 

TATBtprersed) 1.73 

I - 

Fracture scenario o f  

metal case (Fig.6) 

Ruptured into block 

Fractured into pieces 

Ruptured in lids 

* THD-Therotical Haximum Denoity 

Explosive Density THD* Cook-off Cook-off 

g / c d  z Time temperature 

S *C 

TNT(pressed) 1.58 66 3 6 0  620 

Comp. B(oas t ) I. 69 67 2 40 470 
~~ ~ 

90 3 00 590 
I 

TATBtprersed) 1.73 

I - 

TABLE 2 B u l l e t  I m p a c t  T e s t  R e s u l t s  

Fracture scenario o f  

metal case (Fig.6) 

Ruptured into block 

Fractured into pieces 

Ruptured in lids 

Explosive 

TNT(presred) 

Comp.B(cast) 

Cook-of f 

React ion 

Density THO Bullet 

g/cB 2 Caliber 

mm 

-. 

1.58 88 7.82 

1.68 97 7.62 

Deflagration 

Detonation 

Combustion 

fATB(presoed) 1.73 

__ 

90 7.82 
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Bul let 

velocity 

i d s  

741 

74 1 

74 1 

Fracture soenario of type Reaction 

metal case (Fig.7) 

~ 

Ruptured in lids Cornbus t ion 

Ruptared in a lid Part combustion 

Hot ruptured NO reaction 
- 



'I'AULE 3 Large S c a l e  Gap Tes t  Resu l t s  

C a  P 

H a t e r i a l  

L y - 1 2 A I  

Cr i t 1 c i i  I C a p  

T h i c k n e s s  C 5 0  m m  
_- --_I_-- -_ - "  -- 

4 2 . 5  

C o m p . B ( c a s t )  1 . 6 9  9 7  
- 

S t e e l  P l a t e  T h i c k n e s s  m m  3 0  5 0  7 0  
- _-I--_ .---. ~ 

9 0  
~ 

3 . 6  

1 1 0  
-.___ 

3 . 3  J e t  V e l o c i t y  V j  mn!/'p s 

Jet D l n m e t c r  d m m  

6 . 3  4 . 8  4 . 5  

2 . 1  1 . 8  1 . 5  

E x p l o s i v e  D e n s i t y  

g / c m *  

T H D  
x 

T N T ( p r e s s e d )  I 1 . 5 8  9 6  

4 1 . 0  L y - 1 2 A I  

2 8 . 0  I L y - 1  P A 1  T A T B ( p r e s s e d i  1 . 7 3  
I 

9 0  

TABLE 4 Jet Seasitivity Test Results 

D e n s l t y  

g / c m "  

( T M D  X )  

C r i t l c a l  J e t  C h a r a c t e r i s t i c s  * 
E x p  1 0 s  i v e  

V d' 

m m ' /  p s z  

1 8 . 1  

X 5 0  

m m  

9 7 . 2  T N T ( p r e s s e d )  3.6 I 1 . 5 8  

( g 6 )  

1 . 8 9  

( 9 7 )  

2 0 . 5  8 8 . 3  

5 . 0  1 . 7 3  

( 9 0 )  

4 7 . 5  4 7 . 5  T A T B ( p r e s s e d  1 . 9  

* XSO-See1  P l a t e  thlc-knesst Vj-Jet V e l o c i t y  

d-3 e t D i a m e  t e t  

1 . 6  1 1 . 2  
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Figure 1 (a)  C o o k - o f f  T e s t  S e t - u p  

(b) F l a m e  T e m p e r a t u r e  M e a s u r e m e n t  
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F i g u r e  2 M e t a l  Case 

.. - .  . ... . , 

F i g u r e  3 B u l l e t  Impact  T e s t  S e t - u p  

1 - R i f l e  2 - S t e e l  p l a t e  p r e v e n t e d  

3-6 u p  p or  t 4-Metal  c a ~ e  
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I 

. .. 

F i g u r e  4 Large S c a l e - G a p  Test Set-up 

Figure 6 Metal Jet Penetration Set-up 
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F i g u r e  6 F r a c t u r e  S c e n a r i o  o f  M e t a l  C a s e  A f t e r  C o o k - o f f  T e s t  
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F i g u r e  7 F r a c t u r e  S c e n a r i o  o f  M e t a l  C a g e  A f t e r  B u l l e t  I m p a c t  T e s t  
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